The current study was aimed to determine the total phenolic content and antioxidant activity, rutin, quercetin and phenolic acids content in buckwheat, husked and common oats, winter spelt, winter and spring wheat grain with and without husks or glume, only husks or glume as well as to estimate phenolic compounds ratio and to compare their distribution between cereal grain and husks or glume. In this way to ascertain the losses of phenolic compounds in grain which will be used for food production. Total phenolic content and antioxidant activity were determined using the spectrophotometric method and individual phenolic compounds were estimated by high performance liquid chromatography. The significantly highest total phenolic content (10.2 ± 1.6 mg g -1 dry weight (d.w.) in grain with husks and 14.1 ± 2.0 mg g -1 d.w. in husks), antioxidant activity (2-4 times), rutin concentration (from 146.5 to 406.3 µg g -1 d.w.) and with a few exceptions hydroxybenzoic acids concentrations of all group of cereal samples (grain with and without husks or glume and only husks or glume) were established for buckwheat. Oats grain without husks or only husks were distinguished by the highest quercetin content, which was higher in husked oats samples (31-89 µg g -1 d.w.). The highest total phenolic acids content was in common oats husks (882.4 µg g -1 d.w.). Ferulic and p-coumaric acid significantly (P < 0.01) predominated in all oats and wheat samples and accounted for about 70-90% of the total phenolic acids content. Syringic acid is characteristic of oats, winter spelt and winter wheat grain without glume and only glume. In all group of cereal samples sinapic acid predominated only in cereal grain with and without husks or glume. Significantly (P < 0.05) higher concentrations of vanillic, p-hydroxybenzoic, 3,4-dihydroxybenzoic, p-coumaric, ferulic acids, total phenolic content, antioxidant activity were quantified in cereal husks or glume compared with those in grain with and without husks or glume.
Introduction
Buckwheat, oats and wheat are recognized as a health food in many countries. Buckwheat is an important dietary product, since it contains proteins with high biological value and balanced amino acid composition (Vojtíšková et al., 2012) . It is also abundant in the bioactive compounds characterised by antioxidant properties (Li et al., 2013) . Buckwheat husks constitute 17-20% of the total buckwheat production and is removed by impact milling. Of all cereals, oats stand out by the highest nutritional value. The cultivation of common or husked oats has been on the increase recently because of their higher energy value compared with common oats (Biel et al., 2009 ). Moreover, they are major sources of dietary fibre in human diet, since practically the whole grain is used for food -bran and embryos are rarely removed (Skoglund, 2008) . The research evidenced that spelt wheat produced 10% fewer productive stems compared with common wheat but the average values of protein and gluten for spelt wheat were higher than those for common wheat (Jablonskytė-Raščė et al., 2013) .
The most important groups of bioactive compounds in cereals are phenolics (Balasundram et al., 2006) . They are widely used in pharmaceutical industry as natural antioxidants (Gani et al., 2012; Sytar, 2014) and in food industry as the ones helping to preserve stability of processed products (Mackevic, 2010) . The outer layer of grain has been shown to contain much higher levels of bioactive compounds. An important role is attributed to husks that protect grains from contamination with various pathogens (Čabarkapa et al., 2008) . Phenolic compounds bioactivity in plants is significantly influenced by the composition of phenolic compounds. The most common phenolic compounds found in wholegrain cereals are phenolic acids and flavonoids. In buckwheat raw material flavonoid rutin accounts for a considerable part (Fabjan et al., 2003) and is included in the plant cellular structures (Lattanzio et al., 2006) . Its content depends on the buckwheat phenological stage and displays therapeutic activity (Zielińska et al., 2010; Zhang et al., 2012) . Quercetin is also characterised by a significant antioxidant activity (Dietrych-Szóstak, 2004) ; however, in buckwheat its content is several times lower than that of rutin (Fabjan et al., 2003) . There is some data indicating that in low concentrations rutin and quercetin are also detected in oats fractions (Tong et al., 2014) . Cereals contain a wide range of phenolic acids, which can be divided in two subgroups according to their structure: the hydroxybenzoic and the hydroxycinnamic acids. They are generally found esterified or bound to cell wall and only a minor fraction exists as free acids. The antioxidant activity is strongly dependent on phenolic acid structural features and related to the presence of hydroxyl function(s) in the aromatic structure (Teixeira et al., 2013) . The avenanthramides, which are characteristic of oats only, are all composed of an anthranilic acid part and a cinnamic acid part, where the substitution pattern on the two parts is what distinguishes the different avenanthramides from each other (Skoglund, 2008; Mackevic, 2010) . The total concentrations of avenanthramides in oats grains are in the range 2-289 mg kg -1 (Skoglund, 2008) . From the structures of various avenanthramides, presented in literature, in oats grain and husks ferulic, p-coumaric, caffeic acids occur in the highest concentrations, and to a lesser extent, sinapic acid, vanillic, syringic acid (Kováčová, Malinová, 2007; Mackevic, 2010; Gani et al., 2012) . Ferulic and p-coumaric acids were found in the insoluble-bound fraction of all grain samples. The concentrations of other phenolic acids account for a smaller part of the total content of phenolic acid. In buckwheat grain and husks, hydroxybenzoicp-hydroxybenzoic and 3,4-dihydroxybenzoic -acids are additionally detected (Guo et al., 2011) .
A wide range of products are currently being offered to consumers, therefore in order to balance nutrition it is recommended that a human body receives a daily portion of beneficial substances with foods that provide health benefits. The current study was aimed to determine total phenolic content and antioxidant activity, rutin, quercetin and phenolic acids content in buckwheat, husked and common oats, winter spelt, winter and spring wheat grain with or without husks or glume, only husks or glume as well as to estimate phenolic compounds ratio and to compare their distribution between cereal grain and husks and in this way to ascertain the losses of phenolic compounds in grain which will be used for food production.
Material and methods
Extraction and sample preparation. The raw cereal samples (1 kg) of buckwheat (cv. 'VB Vokiai'), husked oats (cv. 'Mina DS') and common oats (cv. 'Migla DS'), winter spelt wheat (cv. 'Frankencorn'), winter wheat (cv. 'Toras') and spring wheat (cv. 'Granary') grain with and without husks, only husks or glume were obtained from different regions (Pasvalys, Šiauliai, Varėna and Biržai) of Lithuania. Analysis of phenolic compounds (total and individual) was done at Institute of Agriculture, Lithuanian Research Centre for Agriculture and Forestry in 2013-2014 . A total of 63 harvested samples (39 grain, 13 husks and 11 glume) were dried to a moisture content of about 8% (husks and glumes) -15% (grain), then cleaned of dust and broken kernels. All samples were milled in an IKA A11 Basic Mill ("Staufen", Germany) and stored at −20°C until analysis. Total phenolic content, rutin and quercetin in cereal samples were extracted by the method reported by Mikašauskaitė et al. (2013) with a slight modification. Milled samples were accurately weighed 2.50 g and extracted with 25.0 mL 75% (v/v) aqueous methanol at room (21 ± 1°C) temperature for 15 h in a shaker incubator Tu-400 (MRC, Israel) under constant shaking. The mixtures were centrifuged ("Hermle", Germany) for 10 min at 4000 rpm. The raw extracts were stored at −20°C until use. Total phenolic acids contents were tested according to Kvasnička et al. (2008) . One gram (±0.001 g) of ground sample was weighed into a 100-ml volumetric flask and 25 ml of 0.1 M NaOH added. The slurry was shaken in a water bath WNB 14 ("Memmert", Germany) at 40°C for 60 min, cooled to room temperature, acidified with 2 M HCl to pH 5-6 (indicator paper) and 20 ml of methanol was added. The flask was placed in an ultrasonic bath ("Bandelin Electronic", Germany) for 30 min, cooled to room temperature and made up to volume with methanol. The filtrate after filtration by 0.22 µm membrane filter (Frisenette ApS, Denmark) was analysed by high performance liquid chromatography (HPLC).
Chemicals and reagents. All the chemicals were of analytical grade and were used as received. For extraction, methanol HPLC LiChrosolv ® , acetonitrile LiChrosolv ® (MERCK, Germany) were used. Sodium carbonate, Folin-Ciocalteu reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-Azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diamonium salt (ABTS), potassium persulphate, phosphate-buffered saline (PBS), sodium acetate, acetic acid, sodium hydroxide, sodium sulphate anhydrous, hydrochloric acid and mix of seven phenolic acids (p-hydroxybenzoic, 3,4-dihydroxybenzoic, p-coumaric, ferulic, vanillic, sinapic and syringic) standards were purchased ("SigmaAldrich", Germany). Deionized water with resistivity of 18.2 MΩ was generated by a Mili-Q plus system ("Milipore", USA).
Determination of total phenolic content. Total phenolic content of each extract was determined using the method described by Sedej et al. (2010) with some modifications. Briefly, 100 μL extracts or control were mixed with 7.9 mL of distilled deionized water, followed by addition of 0.5 mL Folin-Ciocalteu reagent and then allowed to stand at room temperature for 6 min. Next, 1.50 mL 20% aqueous sodium carbonate was added. The absorbance of solutions was measured at 760 nm using a UV/VIS spectrophotometer PerkinElmer LAMBDA 25 ("PerkinElmer", USA). The total phenolic content of the cereal grain and husks samples was expressed as mg of rutin eq. g -1 dry weight (d.w.). The concentration range of rutin was 0.05-1.5 mg mL -1 .
Determination of DPPH + and ABTS
+ radical scavenging activities. The methods described by Kaškonienė et al. (2015) for determination the DPPH + and by Baltrušaitytė et al. (2007) for determination the ABTS + radical scavenging activities were used to assess cereal grain and husks phenolics. The amount of 10 mg of the DPPH + was dissolved in 250 mL of an acetonitrilemethanol (1:1, v/v) solution and mixed with 250 mL of 0.1 M pH 5.5 sodium acetate buffer. The volume of 77 µl of the sample (0.2 mg ml -1 ) was added into 3000 µl of DPPH + buffered solution (0.50 ± 0.04 absorbance units (AU)) and left in the dark. The absorbency was read at room temperature after 15 min at 515 nm. A blank sample was prepared using the corresponding sample preparation procedure replacing the cereal extracts with the same amount of 75% methanol. Stock solution of 2 mM ABTS was prepared by dissolving in 50 ml of PBS (pH 7.4). The ABTS + was produced by reacting 50 ml of stock solution with 200 ml of 70 mM K 2 S 2 O 8 water solution. The mixture was left to stand in the dark at room temperature for 15-16 h before use. Ten microliters of 6 µg ml -1 cereal samples extracts solution were mixed with 3 ml of ABTS + solution (0.80 ± 0.02 AU) in the disposable 1 cm path length microcuvette. The absorbency was read at room temperature after 4 min at 734 nm. PBS solution was used as a blank sample. The measurements were performed in triplicate. The antioxidant activity was calculated as follows: activity (%) = (A c − A t / A c ) × 100, were A t is absorbance of samples, and A c is the absorbance of methanolic DPPH + and ABTS + solution. The absorbtion measurements were compared with the calibration curves of rutin solutions.
HPLC analysis for determination of phenolic acids, rutin and quercetin content. HPLC system was employed and consisted of the following modules: system controller SCL-10Avp, auto injector SIL-10ADvp, solvent delivery module LC-10ATvp, UV-Vis detector SPD-10AVvp, low pressure gradient flow control valve FCL-10ALvp, column oven CTO-10ACvp, on-line degasser DGU-14A. Data collection and evaluation was performed by using operating system LCsolution Workstation ("Shimadzu", Japan). Phenolic acids were separated by method described by Amarowicz and Weidner (2001) on LiChrospher 100 RP-18 column (250 × 4.6 mm, 5µm) ("Alltech", USA). Column was protected with guard column Lichrosphere RP-18 (7.5 × 4.6 mm) ("Alltech"). Phenolic acids were eluted with mobile phase consisting of water:acetonitrile:acetic acid (88:10:2, v:v:v); flow rate 1 ml min -1 ; column temperature 30°C; injection volume 10 µl. Absorbtion was measured on 260 and 320 nm. Rutin and quercetin were separated by the method described by Fabjan et al. (2003) . The injection volume was 10 µL. The components were detected by absorbance at 360 nm. The mobile phase was solvent A (methanol) and solvent B (methanol:water:acetic acid, 100:150:5, v:v:v). The program of elution was 100% solvent B for the first 4 min, followed by a linear gradient from 0% to 100% of solvent A in 15 min, holding 100% (solvent A) for an additional 10 min, and after all followed by stepwise decrease to 0% of solvent A in 0.5 min and holding 100% of solvent B for additional 6.5 min. The flow rate was 1.0 mL min -1 . Statistical analysis. Statistical analysis of total phenolic content, phenolic acids contents and antioxidant activity data was performed by mean ± standard deviation (SD) of Microsoft Office Excel 2007 ("Microsoft", USA). The significance of differences (P < 0.05) between means was compared by Duncan's multiple range tests. Calculations were made using packages an ANOVA and STAT ENG from software SELEKCIJA (Tarakanovas, Raudonius, 2003) .
Results and discussion
Total phenolic content and antioxidant activity of cereal samples. The total phenolic content and antioxidant activity of examined cereal samples are shown in Table 1 . Total phenolic contents in examined cereal grain ranged: buckwheat with husks > common oats = spelt wheat > husked oats > common wheat > common oats grain without husks. In respect to husks and glumes, the total phenolic contents hierarchy was as follows: buckwheat > husked oats > spelt wheat > common oats. Two methods were used to test the antioxidant activity of cereal samples, which were complementary to some degree -a significant linear correlation r = 0.779, when P < 0.01 was obtained. Both methods of antioxidant activity significantly correlated with total phenolic content. Correlation coefficients represented r DPPH = 0.864 and r ABTS = 0.612 (P < 0.01). Husked oats grain without husks husks Winter wheat grain without glume 2.7 abc ± 0.3 16 b ± 1 45 bc ± 5
Spring wheat grain without glume 3.8 bc ± 0.1 8 a ± 1 30 a ± 1
Notes. Data expressed as means ± standard deviations. Means in a column followed by the different lower case letter correspond to significant differences (P < 0.05). DPPH + -2,2-diphenyl-1-picrylhydrazyl radicals, ABTS + -2,2'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diamonium salt radicals.
Our results showed that significantly highest total phenolic content and antioxidant activity were in cereal husks. Buckwheat husks and grain with husks contained 2-5 times more phenolic compounds and had 2-4 times higher antioxidant activity than oats and wheat samples (Table 1) . For grain, buckwheat was followed by spring wheat and winter spelt wheat grain without glume, and the lowest phenolic compounds concentration was detected in common oats grain without husks. No significant differences were established between the samples of winter wheat, spring wheat without glume and husked oats grain without husks. The lowest antioxidant activity was in wheat grain without glume. In husks fraction, husked oats samples had total phenolic content 50% significantly higher than in common oats and 20% higher than in spelt wheat glume. Antioxidant activity followed by buckwheat husks was predominant in oats samples, but the differences between common, husked oats and spelt wheat husks were not significant.
Phenolic compounds with antioxidant activity in agricultural plants have been determined in several studies. Research evidence shows that according to total phenolic content and antioxidant activity in agricultural crops, buckwheat is of the most important plants. Li et al. (2013) reported that extract of buckwheat husks has significantly more phenolic compounds than buckwheat grain with husks. Buckwheat husks exhibited the highest antioxidant activity. Djordjevic et al. (2011) indicated that among four examined cereals, buckwheat had the highest amount of total phenolics with the highest DPPH radical scavenging activity. Lower total phenolic contents were found in wheat and barley, and the lowest in rye. Alvarez-Jubete et al. (2010) have reported that total phenolic content among the pseudocereal seed extracts differed greatly and was highest in buckwheat, followed by quinoa and amaranth (P < 0.01). Serpen et al. (2008) developed two procedures for the measurement of the antioxidant capacity of cereal grain from the market. Both methods show that the antioxidant capacity of buckwheat grain was higher than that of oats and wheat grain. Sedej et al. (2010) suggest that in buckwheat flour the content of phenolics and antioxidant activity are dozens of times higher than those in winter wheat flours. All presented authors' results indicate statistically significant relationships between total phenolic content and antioxidant activity. Thus, being abundant in bioactive phenolics, buckwheat is a valuable, healthbenefiting product.
Rutin and quercetin content in cereal samples. Strong antioxidant activity of buckwheat extracts might be attributed to the presence of polyphenols, especially rutin -one of the main antioxidative components in buckwheat (Balasundram et al., 2006; Zhang et al., 2012) . Rutin content in buckwheat grain with husks distributed within a wide range: from 113.2 in husks to 406.3 µg g -1 d.w. in grain with husks ( Table 2 ). The correlation coefficients showed positive correlation between rutin and total phenolic contents (r = 0.670, P < 0.01), as well as rutin and antioxidant activity of buckwheat grain with husks, respectively r DPPH = 0.900 and r ABTS = 0.824, when P < 0.05. Traces of rutin were found in spring wheat without glume and in spelt wheat husks. In separate cases, small rutin concentrations were detected in husked oats husks, and in the samples of oats grain without husks rutin was not detected at all. However, in oats quercetin concentration was up to 20 times higher than in buckwheat. The highest values of quercetin were found in husked oats samples. In buckwheat quercetin concentration ranged from 0.02% in grain with husks to 0.07% in husks from the total phenolic content, while husked oats samples had quercetin from 1.3% to 5%. Common oats samples had up to 30% lower quercetin content than husked oats. No quercetin was detected in wheat samples. Since no analyses of phenolic compounds contents in Lithuania-grown buckwheat, oats and wheat had been done before it was very interesting to compare our results with those obtained by other countries' researchers. However, no data were found on measured relatively high concentrations of quercetin in grain and husks of oats. Zielińska et al. (2010) indicated that buckwheat grain contains 0.043% of rutin in the aerial parts of common buckwheat plants and grains are a lesser source of rutin compared with buckwheat leaves and flowers. Some authors have reported that quercetin and rutin content in grain and husks depends on the variety, growing conditions and time of harvest (Fabjan et al., 2003; Guo et al., 2011; Tong et al., 2014) .
Flavonoids in plant cell are found more as free compounds than bound to cell wall, therefore rutin and quercetin bound form occurs only in small quantities. Research suggests that free phenolic compounds, such as rutin, quercetin have strong antifungal properties, and this is useful for a plant, since free phenolics are likely to be much more toxic to the invading organism than the bound forms (Lattanzio et al., 2006; Čabarkapa et al., 2008) .
Phenolic acids content in cereal samples. Seven phenolic acids were quantified and identified in cereal samples: p-hydroxybenzoic and 3,4-dihydroxybenzoic acid (Table 3) , p-coumaric, ferulic, vanillic, sinapic and syringic acid (Table 4 ). The results of the total content and percentage distribution of examined phenolic acids in cereal samples are given in Table 5 . The total phenolic acids contents (sum of seven phenolic acids) in the cereal samples ranged from 882.4 to 83.4 µg g -1 d.w. Phenolic acids concentration in buckwheat grain with husks ranged from 1.7 µg g -1 d.w. vanillic acid to 44.6 µg g -1 d.w. 3,4-dihydroxybenzoic acid. Buckwheat husks range was similar but about 23% higher than in grain with husks (Table 3) . 3,4-dihydroxybenzoic acid accounted for 72.8% of the total phenolic acid content in husks and 53.5% in grain with husks (Table 5) . Whereas in winter spelt wheat significantly less 3,4-dihydroxybenzoic acid was established in single cases in husked oats husks and was not detected in all common oats samples. Lattanzio et al. (2006) suggest that this acid is very important for plants since it provides disease resistance. Table 3 . p-hydroxybenzoic (p-HB) and 3,4-dihydroxybenzoic (3,4-DHB) acids content (µg g -1 ± SD dry weight) in cereal samples Husked oats grain without husks 1.7 a ± 1.9 n.d. husks 10.9 d ± 2.6 1.5 a ± 1.5
Common oats grain without husks
Winter spelt wheat grain without glume 1.4 a ± 0.1 8.1 a ± 3.6 glume 5.0 b ± 0.4 4.2 a ± 1.2 Winter wheat grain without glume 1.4 a ± 0.1 2.5 a ± 0.3 Spring wheat grain without glume 0.9 a ± 0.0 n.d.
Notes. Data expressed as means ± standard deviations (SD)
. Means in a column followed by the different lower case letter correspond to significant differences (P < 0.05); n.d. -not detected.
p-hydroxybenzoic acid predominated in buckwheat grain with husks and accounted for 21% of total examined phenolic acid content. In buckwheat husks it was similar to p-coumaric and ferulic acid: it accounted for ~8% percentage distribution of total phenolic acids content. No significant differences in p-hydroxybenzoic acid content were determined between wheat and oats samples (Table 4) . Buckwheat samples had positive correlation between vanillic and p-hydroxybenzoic acids content (r = 0.943, P < 0.05). Of all the cereals tested, buckwheat had significantly least concentration of ferulic acid. Literature source indicates that as much as 98% of the ferulic acid exists in oats and wheat samples. Our results of ferulic and vanillic acids in buckwheat grain with husks and only husks are similar to those obtained by Kováčová and Malinová (2007) , Guo et al. (2011) and Gani et al. (2012) . However, the content of p-hydroxybenzoic, 3,4-dihydroxybenzoic, p-coumaric acids in buckwheat grown in Lithuania were several times higher in our studies. We did not find syringic acid in buckwheat samples but in bound form in buckwheat grain with husks it was identified by Alvarez-Jubete et al. (2010) . Research has proved that vanillic acid, p-hydroxybenzoic acid and other phenolic Notes. Data expressed as means ± standard deviations (SD). Means in a column followed by the different lower case letter correspond to significant differences (P < 0.05); n.d. -not detected.
acids are characterised by antifungal effect against some of microscopic fungi which produce mycotoxins toxic to living organisms (Lattanzio et al., 2006) . Phenolic acids contents quantified in common oats grain without husks were six times less (153.28 µg g -1 d.w.) than those in husks and ranged from 3.4 µg g -1 d.w. vanillic acid to 105.0 µg g -1 d.w. ferulic acid. Common oats husks had the significant highest total seven phenolic acids content -882.4 µg g -1 d.w. In husked oats grain without husks phenolic acids concentration ranged from 1.7 µg g -1 d.w. p-hydroxybenzoic to 98.7 µg g -1 d.w. ferulic acid. Sinapic acid accounted for 18% of the total phenolic content in husked and common oats grain without husks when in husks its concentration was significantly less. No significant differences were found between total phenolic acids of common oats and husked oats grain without husks. Ferulic acid was significantly predominant in all oats samples and accounted for ~70% of total phenolic acids content. Ferulic and p-coumaric acid content showed positive correlation in all oats samples (r = 0.821, P < 0.05) and together accounted for 96% of total phenolic acid content in oats husks samples. Vanillic, sinapic and syringic acids accounted for the remaining 4%. It is noteworthy that these acids belong to the only oats specific group of avenanthramides, which have gained an increasing interest because they are known as potent antioxidants.
Our results agree with those obtained by Kováčová and Malinová (2007) , where they also established correlations between the contents of ferulic and p-coumaric acids. It has been noted that oats antioxidative activity results are related to ferulic and p-coumaric acids synergetic action, but a stronger antioxidant is ferulic acid. Avenanthramides are heat-stable during processing and long-term storage does not affect the concentrations significantly (Skoglund, 2008; Teixeira et al., 2013) . In contrast, storage of wheat flour results in marked loss of phenolic acids: after 6 months' storage flours contained the same phenolic acids in qualitative terms, but their concentrations were 70% lower. Cold storage, did not affect the content of polyphenols (Manach et al., 2004) .
Results of winter spelt wheat samples show that total contents of seven phenolic acids in winter spelt wheat glume were one of the highest of all cereal samples -583.56 µg g -1 d.w., followed by common and husked oats husks (Table 5) . Significantly predominant ferulic acid and in separate cases significantly higher contents were established in wheat than in oats. Ferulic acid content in wheat grain without glume accounted for about 84-90% of total phenolic acids content. Winter spelt wheat had higher phenolic acids content than winter and spring wheat, but the differences were not significant. In contrast, strong correlation was obtained, where correlation coefficient r = 0.998, P < 0.01. Furthermore, phenolic acids contents were similar to those in the samples of oats grain without husks. According to Manach et al. (2004) , ferulic acid is found chiefly in the outer parts of the grain and 98% of the total ferulic acid contains the aleurone layer and the pericarp of wheat grain. Gani et al. (2012) indicate that total ferulic acid content among the tested grains was higher in wheat than in oats samples and could be used as a marker of wheat antioxidants. Hydroxycinnamic acids are bioavailable and can be absorbed by humans to a high degree and they can undergo extensive metabolism in the human digestive tract (Skoglung, 2008). Notes. Data of sum of phenolic acids expressed as means ± standard deviations (SD). Means in a column followed by the different lower case letter correspond to significant differences (P < 0.05). p-HB -p-hydroxybenzoic acid, 3,4-DHB -3,4-dihydroxybenzoic acid; n.d. -not detected.
The study revealed a trend that sinapic acid dominates only in cereal grain, and husks contain significantly less of this acid or do not contain it at all. Therefore, husks or glume contain significantly higher (3 times) concentrations of vanillic acid as well as other phenolic acids than cereal grain without husks or glume. Reports on the antioxidant activity of hydroxycinnamic acids suggest that sinapic acid generally has the highest activity, followed by ferulic and p-coumaric acid (Skoglung, 2008) . There are data indicating that sinapic acid has protective effect against myocardial infarct, also anti-inflammatory and neuro-protective effect (Roy, Prince, 2012) . Thus, considering the composition of valuable food components, it is important that this acid is not lost during grain de-hulling process. Having analysed all groups of cereal samples it was confirmed that buckwheat phenolics (total phenolic content, rutin, quercetin concentration) exist predominantly in the free form and wheat and oat phenolics (phenolic acid) exist primarily in the bound with cell wall forms. Research suggests that free phenolics may be digested in the upper gastrointestinal tract, while bound phenolics may reach the colon and exert their
